Research S T-segment elevation myocardial infarction (STEMI) is most often caused by thrombosis in a coronary artery. Reperfusion therapy with either fibrinolytic therapy or primary percutaneous coronary intervention (PCI) aims to restore coronary artery blood flow. Regardless of the method used, prolonged delays to reperfusion therapy are associated with an increased risk of impaired left ventricular systolic function and death.
Methods
The AMI-QUEBEC Study was a retrospective study of consecutive patients with STEMI admitted to selected hospitals in the province of Quebec in 2003. Hospitals that had a minimum of 100 patients with acute myocardial infarction (AMI) admitted annually 16 and research personnel available in the cardiology or emergency departments were invited to participate. We reviewed the charts of all consecutive patients with a final principal discharge diagnosis of AMI, including both patients with and without STEMI (International Classification of Diseases, 9th revision, code 410), 17 who were admitted to participating hospitals from Jan. 1 to Dec. 31, 2003 . (The definitions used in the study appear in Appendix 2, available online at www.cmaj.ca/cgi/content/full/175/12/1527/DC1.)
To be included in the analysis, patients must have presented with symptoms suggestive of myocardial ischemia with a minimum duration of 20 minutes and an ST-segment elevation of at least 1 mm in 2 or more contiguous electrocardiogram (ECG) leads or new left bundle branch block. In addition, the diagnosis of STEMI must have been confirmed by an emergency physician or cardiologist. We excluded patients with STEMI that developed in hospital, those with a Background: Through the AMI-QUEBEC Study we sought to describe delays to reperfusion therapy for ST-segment elevation myocardial infarction (STEMI) and to identify factors associated with prolonged delays.
Methods:
We reviewed the charts of all consecutive patients with STEMI admitted to 17 hospitals in the province of Quebec in 2003 to obtain data on the time from presentation to reperfusion therapy. Data were available for 1189 (83.0%) of 1432 patients. prior STEMI already recorded in the AMI-QUEBEC database, patients who did not receive reperfusion therapy and those whose AMI symptoms lasted more than 12 hours (since reperfusion therapy is generally not recommended for these patients [12] [13] [14] ). Approval for the AMI-QUEBEC Study was obtained at all participating hospitals from the directors of professional services or the institutional review boards.
Results
Data abstractors received 7 hours of intensive training on chart review and electronic case reporting. All electronic case report forms were reviewed at the coordinating centre. Queries concerning inconsistencies and inaccuracies were sent electronically to the data abstractors at participating hospitals for clarification. There were 308 queries. Most involved inconsistencies in the entry of dates (e.g., date-month-year instead of month-date-year). Age was entered incorrectly for 2 patients. Eight queries were related to patients who were duplicated in the database (2 duplicate entries, 3 reinfarctions in the same patients and 3 transferred patients). Because of funding constraints, we could not examine the reliability of either the data abstraction procedures or entry of this information into the electronic case report forms.
The dependent variable, timely administration of reperfusion therapy, was defined as door-to-needle time within 30 minutes for fibrinolytic therapy (yes, no) or door-to-balloon time within 90 minutes for primary PCI (yes, no). Potential determinants to be investigated were identified ahead of time and included age, sex, duration of AMI symptoms, previous MI, STEMI that involved the anterior wall, STEMI that occurred during the winter months, presentation at hospital during holidays or on weekends, presentation at hospital outside daytime working hours (between 5:00 pm and 8:00 am), method of reperfusion, thrombolysis in MI (TIMI) score, 18 presence of cardiogenic shock and interhospital transfer for primary PCI. Cardiogenic shock was defined as a systemic blood pressure of less than 90 mm Hg on presentation at the initial hospital and signs of low cardiac output (e.g., decreased urine output or altered mental status).
As a preliminary step, several fixed-effects nonhierarchical logistic regression models were fitted with variables selected according to the Bayesian Information Criterion (BIC). 19 We included any variable that appeared at least once in any of the 5 models with the highest posterior probabilities according to the BIC. The BIC was computed using the "bic.glm" function, which is an add-on to R version 2.1.1 (http//probability .ca/cran, accessed 2003 Oct 11).
A hierarchical logistic regression model was first fitted to estimate the probability of timely administration of reperfusion therapy among hospitals that participated in the AMI-QUEBEC Study. These estimates showed substantial interhospital variation. Since fixed-effects nonhierarchical models do not take interhospital variation into account, 20 multilevel hierarchical models were fitted in the final analysis. In the 3-level hierarchical model, the unit of analysis at the first level of the hierarchy was the patient, and patient-related characteristics were entered at this level. The second level of analysis allowed us to estimate interhospital variability. At the third level, we set diffuse (noninformative) prior distributions over the unknown parameters, so that final conclusions were based mainly on the information contained in the data.
Hierarchical modeling was performed with the use of the complete AMI-QUEBEC data set. In subgroup analyses, random-effects hierarchical models were fitted for each treatment group (fibrinolytic therapy or primary PCI) separately. Identification of factors associated with use of primary PCI as the method of reperfusion and correlates of in-hospital mortality were undertaken using the same analytic strategy.
Seventeen hospitals participated in the AMI-QUEBEC Study (Fig. 1) . (A complete list of the hospitals, and a list of investigators and coordinators who participated in the study, appears in Appendix 3, available online at www.cmaj.ca/cgi /content/full/175/12/1527/DC1.) A total of 4182 consecutive AMI patients (including those with and without STEMI) were discharged from the hospitals from Jan. 1 to Dec. 31, 2003 (Fig. 2) . A diagnosis of STEMI was confirmed through chart review in 1655 of the 4182 patients. We excluded 33 patients whose AMI symptoms lasted longer than 12 hours and 190 patients who did not receive any reperfusion therapy. Among the records for the 1432 remaining patients, 243 did not have complete data on time-to-reperfusion therapy. Thus, we were able to analyze the time to reperfusion therapy for 1189 (83.0%) of the patients who received reperfusion therapy. The characteristics of patients according to method of reperfusion are shown in Hospitals that provided patient charts for the study data set n = 17
Hospitals in Quebec n = 438
Excluded n = 87 higher mean TIMI score, and more of these patients than of those who received fibrinolytic therapy were in cardiogenic shock. The proportion of patients who were women was lower in the group of patients transferred for primary PCI than in the group of patients who received either primary PCI on site or fibrinolytic therapy.
The median door-to-ECG times were 12 minutes (first quartile, third quartile [Q1, Q3] 5, 25) for patients who presented during regular working hours and 13 minutes (Q1, Q3 6, 28) for those presenting outside of regular working hours. The median door-to-ECG time was slightly lower among patients who underwent primary PCI than among those who received fibrinolytic therapy.
The delays to reperfusion therapy are shown in Table 2 . Among the patients who received fibrinolytic therapy, the median door-to-needle time was 32 minutes; 48.8% of patients received the treatment within 30 minutes (Table 2) . Among the patients who received primary PCI on site, the median door-to-balloon time was 109 minutes; 35.5% received treatment within 90 minutes and 59.5% received treatment within 120 minutes. Among the patients who underwent primary PCI after interhospital transfer, the median door-to-balloon time was 142 minutes; 8.0% received treatment within 90 minutes and 27.6% received treatment within 120 minutes (Table 2) .
Factors associated with delayed administration of reperfusion therapy included presentation outside daytime working hours (51% decrease in odds of timely reperfusion), primary PCI as the method of reperfusion (44% decrease) and primary PCI after interhospital transfer (82% decrease) ( Table 3 ). Increased age was associated with delayed administration of fibrinolytic therapy (Table 3 ). For every 10-year increase in age, there was a 5% decrease in the odds of patients receiving timely fibrinolytic therapy. Age was not independently associated with delayed primary PCI in the AMI-QUEBEC Study.
Factors associated with the use of primary PCI as the method of reperfusion included availability of PCI facilities at the hospital where the patient first presented (odds ratio Complete data on in-hospital adverse events were available for 476 (89.0%) of the patients who received fibrinolytic therapy and 604 (92.4%) who received primary PCI. The inhospital rate of death was higher among patients with prolonged delays to primary PCI (Table 4) . However, delays to reperfusion therapy were not independently associated with in-hospital death after adjusting for patients' clinical characteristics (OR 0.98, 95% CrI 0.98-1.01 for time to fibrinolytic therapy and OR 1.00, 95% CrI 0.99-1.01 for time to primary PCI).
Interpretation
Overall, the proportion of patients who received reperfusion therapy within recommended times in the AMI-QUEBEC Study was similar to that reported in 2002 in the United States. 21 Almost half of the patients in our study who received fibrinolytic therapy were treated within 30 minutes. This represents a substantial improvement over the median door-toneedle time of 85 minutes reported during 1991/92, when only 3% of Canadian patients were treated within 30 minutes. 22 However, the times to primary PCI for most patients exceeded current recommendations.
Increased age was associated with decreased odds of timely administration of reperfusion therapy for patients who received fibrinolytic therapy. Elderly patients with STEMI often have more atypical symptoms than younger patients.
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They are also at increased risk for intracranial hemorrhage and serious bleeding complications with fibrinolytic therapy. 25, 26 Concerns regarding serious bleeding complications may have contributed to delays in administering fibrinolytic therapy in elderly patients.
Patients who presented outside daytime working hours had longer delays for both methods of reperfusion therapy than did patients who presented during daytime working hours. The difference may have been due to reductions in emergency department personnel during off-hours, which might in turn generate delays in recognizing and treating STEMI. Furthermore, longer times to primary PCI among patients who presented outside daytime working hours can be attributed in part to the necessity of mobilizing PCI personnel from home. The prolonged delay for a majority of patients who underwent primary PCI, and especially those who required interhospital transfer, may be explained in part by the lack of structured prehospital and interhospital networks for treating STEMI in Quebec. Kalla and colleagues demonstrated that optimal times to reperfusion therapy can be achieved with a comprehensive regional network of prehospital medical services and hospitals designated for treatment of STEMI. 27 The use of primary PCI as a reperfusion method was related to the presence of cardiogenic shock when the patient arrived at the hospital, availability of primary PCI at the hospital where the patient first presented and whether the patient presented to hospital during regular working hours. Furthermore, the adjusted OR for receiving primary PCI among women was 0.70 (95% CrI 0.48-1.01), which suggests that women may be at reduced odds of receiving primary PCI.
Although we did not observe an independent association between delays to reperfusion therapy and in-hospital death, our study was not designed to accurately assess these associations. The lack of association between delays to reperfusion therapy and in-hospital nonfatal reinfarction and stroke in our study is consistent with findings from a previous report.
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The following approaches may be useful in considering Note: STEMI = ST-segment elevated myocardial infarction; PCI = percutaneous coronary intervention; SD = standard deviation; AMI = acute myocardial infarction; Q1, Q3 = first and third quartile; TIMI = thrombolysis in myocardial infarction. how to decrease delays to reperfusion therapy in Quebec. At all hospitals that provide care to patients with STEMI, streamlined treatment protocols should be considered to ensure that patients are given reperfusion therapy expeditiously.
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Emergency departments should have adequate personnel outside of daytime working hours to enable prompt identification and treatment of STEMI. At hospitals where primary PCI is the preferred treatment, the emergency physician should be able to contact PCI personnel directly without having to consult a cardiologist. 31 When delays for primary PCI are expected to exceed 90 minutes, patients who do not have contraindications to fibrinolytic agents should receive fibrinolytic therapy.
Ongoing surveillance of delays to reperfusion therapy should be also established in Quebec. Continuous monitoring may help to identify obstacles to timely administration of reperfusion therapy and may reduce delays. 32, 33 Finally, it should be noted that the recommended times to reperfusion therapy may not be realistic or relevant in certain situations, including life-threatening complications of STEMI that require specific medical interventions, uncertainty about the diagnosis and delays associated with the informed choice of therapy by the patient.
Our study had a few limitations. First, the external generalizability of the findings may be limited. The total number of patients with AMI admitted to hospitals participating in the AMI-QUEBEC Study represented 38.8% of all such hospital admissions in Quebec in 2003.
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Our results might not be generalizable to hospitals with fewer than 100 AMI patients a year. Second, the method of data abstraction from hospital charts was not independently validated. However, all data abstractors received standardized training, and all case reports were systematically reviewed at the coordinating centre for inconsistencies and missing data. Third, data on delays to reperfusion therapy were missing or incomplete for 243 patients (17.0% of 1432 patients). Patients with missing data were more likely to have been transferred for primary PCI and to have presented outside daytime working hours, factors that were associated with prolonged delays. The median delays would likely have been longer had these patients been included in the analysis. Fourth, 2 of the 10 hospitals with PCI facilities usually transferred patients back to referring hospitals immediately after uncomplicated primary PCI and admitted those with complications. The median times to primary PCI may have been longer at these 2 hospitals, if only "sicker" patients transferred from other hospitals were admitted. However, median door-to-balloon times did not change in an analysis that excluded patients who underwent primary PCI after interhospital transfers from these 2 hospitals. Finally, because this was an observational study, we were restricted to data available in hospital charts and therefore could not study all possible determinants of delays (e.g., hospital administrative policies, physician competence and cost).
Overall 48.8%, 35.5% and 8.0% of patients who received fibrinolytic therapy, on-site primary PCI and primary PCI after interhospital transfer were treated within current recommended times. There is potential for improvement in the administration of reperfusion therapy. Consideration should be given to reorganizing pre-and in-hospital care for patients with STEMI to expedite delivery of reperfusion therapy in Quebec. 
